Introduction
Increases in ovulation rate in ewes given supplementary feeding of lupins are thought to be initiated by increases in protein digested post-ruminally (Knight et ai, 1975) . However attempts to confirm this suggestion by increasing the intake of digestible protein have not produced unequivocal results (Corbett & Edey, 1977; Davis et ai, 1981; Fletcher, 1981) . Smith (1985) has reported that short-term changes in either crude protein or digestible energy intake can influence ovulation rate, but for a maximum response increases in both may be required. This finding suggests that increases in ovulation rate in ewes fed lupin grain may be the result of combined increases in post-ruminal protein and digestible energy intake. The present study was therefore undertaken to determine the relative importance of these two components in the response to lupin grain. A preliminary account of this work has been published (Notile et ai, 1985) .
Materials and Methods
Animals and general management. The experiment was conducted during February which is generally considered to be the beginning of the spontaneous breeding season for the Merino ewe in the southern hemisphere (Watson, 1952; Fletcher & Geytenbeek, 1970) . Medium wool parous Merino ewes which had an initial liveweight of 44-8 + 0-4 kg (mean + s.e.m.) and condition score (Jefferies, 1961) (Tilley & Terry, 1963) . Crude protein content was determined by micro-Rjeldahl nitrogen ( 6-25). Casein was treated with 4% formalin at a rate of 100 ml/kg (Hemsley et ai, 1973) to render it as resistant to degradation in the rumen as lupin protein (~35%; Hume, 1974) . The effectiveness of this treatment in increasing the amount of protein digested post-ruminally has been demonstrated previously in nitrogen-retention and wool-growth studies (Hemsley et ai, 1973) . In the present study, the degradability of the treated casein was checked in vitro (Hemsley et ai, 1973) and was found to be similar to that for lupin protein (37-6 + 5-3% and 40-6 + 6-7%, respectively; mean + s.e.m., = 6). Part (30%) of the maintenance ration was pelleted to incorporate the supplements. Pellets were put out once daily in troughs (0-5 m per sheep) for 14 days, starting on Day 4 of the synchronized cycle. Animals were adapted to the supplements by feeding these in increasing amounts for the first 7 days. 
Results

Liveweight change
Small increases in liveweight between the days of sponge removal and endoscopy were recorded by all groups (Table 2 ). There were no significant differences in liveweight gain between the groups. •Significantly different from control value (P < 001). 
Discussion
The present study confirms previous reports that supplementation with lupin grain for the second half of the oestrous cycle can increase ovulation rate in the ewe (Oldham & Lindsay, 1984; Stewart & Oldham, 1986) . Similar increases in ovulation rate were also mimicked in the present study by feeding casein which had been treated so that its degradation in the rumen was similar to that for lupin protein. This finding confirms previous suggestions that protein intake can influence ovulation rate (Torrell et ai, 1973; Davis et ai, 1981; Fletcher, 1981) and in particular that responses to lupin grain are initiated by increases in protein digested post-ruminally (Knight et ai, 1975) . Whether this response is to protein per se or is the result of an increase in the uptake of one or more amino acids remains to be determined. This effect has been described as being threshold in nature (Smith, 1985) with the level at which it occurs dependent on a number of factors including the degradability of the particular protein, previous nutrition and liveweight and the breed of sheep. The exact level of this threshold in the present study is uncertain. However, although wheaten hay is thought to supply sufficient ruminai bacterial protein to meet maintenance require¬ ments (Egan & Walker, 1975) , it would appear from the present results that this amount is unable to 'trigger' increases in ovulation rate, whereas the provision of an extra 50-60 g protein by lupin grain does.
The present study provides no evidence to suggest that the increase in digestible energy intake associated with feeding lupin grain is important in the ovulatory response. Similar results have been reported in comparisons between lupin and cereal grains (Rizzoli et ai, 1976; Knight, 1980; Denney, 1983) . Smith (1985) has derived equations which predict that the relationship between digestible energy intake and the percentage of ewes with multiple ovulations is continuous. In the present study, there was an apparent increase of 6% in the percentage of ewes with two ovulations in the starch-supplemented group compared with the control group. This agrees with a predicted value of 5% from the equation of Smith (1985) , confirming that the increase in digestible energy associated with feeding lupin grain is unlikely to be important in the response. Much higher levels of digestible energy intake, however, appear to increase ovulation rate in the short term (Gunn, 1982; Smith, 1985) . Whether this effect is mediated via a mechanism similar to that for protein digested post-ruminally cannot be determined from the present study.
It is uncertain whether increases in the amount of protein digested post-ruminally can explain the dynamic effect of flushing as proposed by Coop (1966) . However, the existence of a threshold requirement for protein digested post-ruminally, together with the failure to meet this requirement either by increasing the quantity or quality of the food offered, would explain much of the apparent confusion in the literature concerning this effect. Alternatively, failure to demonstrate a flushing response may mean that ewes are already expressing their full genetic potential in terms of ovulation rate because of their previous nutrition, the so-called static or liveweight component of the flushing response (Coop, 1966 
